Methods are described in the report for estimating the magnitude of a flood of any frequency between l.l and 50 years for any site, gaged or ungaged, on most unregulated streams in Wyoming , within the limits of basin size for which records have been colle cted. Flood-frequency relations are not defined for a large part of the headwaters of the North Platte Riv er in south-central Wyoming because of the paucity of streamflow data.
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INTRODUCTION
This report contains the results of four separate flood-frequency analyses designated A, B, C, and D. Analysis A is for the portion of Wyoming east of the Continental Divide. Analysis B applies to the portion of Wyoming in Part 9, as designated in streamflow reports entitled "Surface Water Supply of the United Stated" published by the U.S. Geological Survey, and was extracted fro.m an unpublished study by W. P. So.mers in 1959. Analysis C applies to Part 10 and was extracted from Circutar 457 (Berwick, 1962) . Analysis D applies to Part 13 and was extracted from a report by C. A. Thomas, H. C. Broom, and J. E. Cum. mans (1963) .
Methods described in this report can be used to estimate the . magnitude of a flood of any selected recurrence interval between 1.1 and 50 years for any unregulated stream in Wyoming, gaged or ungaged, within the scope of the data. Flood-frequency relations are not defined for a large part of the North Platte River basin in south-central Wyoming because of insufficient data.
Si. milar reports have been prepared for many States, including four that pertain to States contiguous to Wyoming: Nebraska (Furness, 1955; , South Dakota (McCabe and Crosby, 1959) , eastern Montana (Berwick, 1958) , and Utah (Berwick, 1962 
DESCRIPTION OF THE STATE

TOPOGRAPHY
The topography of Wyoming ranges from vast plains to rugged mountains. The Continental Divide crosses the State from near the northwest corner to a point about midway along the southern border. In the north, it follows the Wind River Range, and in the south the Park Range. Between these ranges is the Great Divide basin, from which no surface drainage flows. The crest between the two mountain ranges is not well defined and, until very recently, the Great Divide basin was believed to be west of the Continental Divide. Recent topographic . mapping has shown that it is in the Missouri River basin.
One of the outstanding topographic features of Wyoming is the Great Plains, which constitutes about a third of the area of the State. The Big Horn Mountains in the north and the Laramie Range in the south form the western boundary of the Great Plains that extend eastward into adjoining States.
The mean altitude in Wyoming is about 6, 700 feet. Excluding the mountain ranges, the mean altitude in the southern part of the State is greater than 6,000 feet, and in the northern part is about 3,500 feet. The altitude of the lowest point in the State, which is near the northeast corner where the Belle Fourche River crosses into South Dakota, is 3,125 feet. The altitude of the highest point, Gannet Peak in the Wind River Range, is 13,755 feet.
RIVER BASINS
Wyoming is in the headwaters of four . major river basins: Parts 6-A and 6-B (''Part" as previously explained), the section of the State east of the Continental Divide, are drained by headwaters of the Missouri River; Part 9, .most of the southwest section, is drained by the Green River, which flows south to the Colorado River; Part 10, a small section in the southwest corner, is drained by the Bear River, which· flows to Great Salt Lake; and Part 13, the west-central section, is drained by the Snake River and its tributaries, which flow to the Pacific Ocean through the Columbia River.
CLIMATE
Because of the high altitude, Wyo. ming has a cool climate. For most of the State, mean high temperatures in July range fro. m 85° to 90°F and the low temperatures from 50° to 60°F. Average temperatures decrease quickly as the elevation increases. Rapid and frequent changes between . mild and cold periods are characteristic in the winter. In January, mean minimu. m temperatures generally range from 5° to 15°F, although in the western valleys they . may be as low as -5°F.
There is a wide variation in mean annual precipitation. It is generally greater at higher altitudes, although altitude is not the only criterion. For example, in most of the southwest part, where the altitude ranges from about 6, 500 to 8,500 feet, . mean annual precipitation ranges fro. m 8 to 12 inches, while in the northeast part and along the eastern border, where altitudes mostly range fro. m 4,000 to 5,000 feet, annual averages are gene rally between 12 and 1'6 inches.
Snow falls
frequently from November through May. There is considerable variation in the annual a.mount of snow over the State. The .mountains receive several times as . much snow as regions in the lower altitudes. During the summer, showers are quite frequent and, although they often amount to only a few hundreths of an inch, occasionally there is very heavy rain associated with thunderstorms covering a few square miles. However, the largest floods recorded on the larger streams at low altitudes have resulted from heavy, general rainstorms.
STREAM REGULATION
The degree of regulation of streams in Wyoming ranges fro.m none to practically complete regulation of many of the major streams. The flood-frequency relations defined in this report do not apply to strea. ms where flood peaks are affected appreciably by the operation of diversion and storage projects. As of 1961, the reaches of streams that are affected appreciably by regulation are:
Wind River (Bighorn River) belowWyo. ming Canal Diversion da.m. 
FLOOD-FREQUENCY ANALYSIS A, PARTS 6-A AND 6-B
The methods used in this analysis for computing flood-frequency relationships are discussed in detail by Dalrymple ( 1960) . Briefly, records of annual peak discharges are used to relate a selected index flood to certain significant characteristics of drainage basins and to relate peak dis c harges, expressed in terms of ratio to the index flood, to recurrence interval.
DATA USED
The base data used in this analysis are the records of annual . maximum discharges collected at gaging stations operated by the Geological Survey and other agencies. The annual . maximum discharge is defined as the highest mo. mentary peak discharge in a water year. A water year is the 12-month period October 1 through September 30 and is designated by the calendar year in which it ends.
All records of maximu. m annual discharges collected since 1921 in the Missouri River basin, Wyoming, were used in this analysis if they met the following requirements:
1. The record was 5 or more years in length.
2. Flood peaks were not signific antly affected by artificial storage, regulation, or diversions.
3. Records for two stations on the same st-ream were collected at points where the difference in area of drainage basins is more than 2 5 percent of the drainage area of the smaller basin. If the records were not concurrent and the areas differed by less than 25 percent, they were combined into one longer record.
4. The records for small drainage basins are typical for the general region in which the gaging stations are located.
The location of each gaging station for which records were used in this report is shown in figure 1 . The index nu. mber shown is that permanently assigned to the station by the U.S. Geological Survey. Gaging stations for which records do not confor. m with the criteria given above are not shown in figure 1.
FLOOD SERIES
Investigators of floodflow characteristics of streams have used two types of flood series, the annual flood series and the partialduration flood series. The annual flood series is a list of annual . maximu. m discharges, and the partial-duration flood series is a list of all flood peaks that exceeded a selected discharge regardless of the number of peaks during the year. The annual series was used in this analysis.
The relative . merits of the two series have been discussed by Mitchell ( 1954, p. 7-8 ) and many others. There is an important distinction in . meaning between the recurrence intervals of annual floods and the recurrence intervals of partial-duration-series floods. In the annual flood series, the recurrence interval is the average interval of time within which a given flood will be equaled or exceeded once as an annual maximum. In the partial-duration flood series, the recurrence interval is the average interval of time within which a given flood will be equaled or exceeded once as an event regardless of the relation of the flood to a water year or any other time period. Practically the same results will be obtained by use of either series for recurrence intervals greater than 10 years. Differences are appreciable forfloods of . more frequent occurrence. There is a definite relationship, shown in the following table, between the recurrence interval of a flood as an event and as an annual . maximum (Langbein, 1949) .
FLOODS IN WYOMING, MAGNITUDE AND FREQUENCY
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Recurrence intervals in years
Annual flood series Recurrence intervals are given in this report for floods occurring as annual maxima. Recurrence intervals as events can be computed fro. m the relation shown in the table.
FLOOD FREQUENCY AT GAGING STATIONS
BASE TIME PERIOD
In order that the station frequency curves be comparable, the period of record for each station should represent the same period in time. A 37-year period (water years 1921-57) was selected as the base time period for this study. However, most of the records used did not cover the entire period, and figures for periods of no recor9 were estimated by correlating the flood peaks of the shortterm station record with the floodpeaks of a long-term record. These estimated figures are not true discharge figures and were not so considered. To avoid estimating an excessive nn. mber of working figures, an additional FLOOD-FREQUENCY ANALYSIS A, PARTS 6-A AND 6-B 5 base period~ 1941-57~ was selected. Curves based on the short-term period were then adjusted to those for the period 1921-57.
FLOOD-FREQUENCY GRAPHS AT GAGING STATIONS
Values of annual peak discharges and estimated figures for periods of no record were listed in chronological order and numbered in order of magnitude~ the largest being No. 1~ the second largest No. 2, etc. The plotting position for each peak discharge was then · n + 1 computed using the formula T = --m-. where T is the plotting position in years) n is the nu. mber of years in the base period~ and m is the relative . magnitude of the peak. Plotting positions were not computed for estimated figures, nor were these figures used further in the analysis. Historical data were someti.mes used to extend the upper ends of the frequency curves. For example, the highest flood on the Powder River at Arvada during the base period occurred in 1923; however~ information from local residents indicates that this flood was the largest for at least 76 years, and the plotting position was co. mputed as 77 instead of 38 years.
In most of the literature~ the co. mputed plotting position is also designated as the recurrence interval, the return period, or a similar term. The recurrence interval of a given flood at a given site has only one value, whereas the plotting position of that flood is intimately related to the length of record and will change as additional floods are added to the array. Usage in this report conforms to convention~ but it should be recognized that plotting positions of floods and recurrence i!ltervals computed from individual station data are only co. mputation estimates of the true recurrence intervals of the floods. The best estimate of true recurrence intervals will be obtained fro. m regional relations that are the results of the analysis.
The annual floods were plotted on a special form (Powell~ 1943) for analysis of flood frequencies by the Gu. mbel ( 1941) method. The discharge was plotted as the ordinate and recurrence interval as the abscissa, and curve of visual best fit was drawn through the points.
REGIONAL FREQUENCY ANALYSIS
INDEX FLOOD
The . mean annual flood (Q 2 • 33 ) was used as the index flood in this analysis; it is defined as the discharge that has a 2.33-year recurrence interval. The magnitude of the mean annual flood is a measure of certain physiographic and climatological characteristics of the drainage basin. It was estimated for each station graphically from the individual frequency curves.
The factors that were considered to determine the relation of the mean annual flood to the basin characteristics were: size of drainage basin, mean altitude of drainage basin~ and slope of the main channel. There are many other factors that probably influence the values of the mean annual floods, but they generally are difficult to measure. However, there are large areas within which the variation from stream to stream of the integrated effect of difficult -to -measure or unknown characteristics is small. Analysis of the relation of mean annual flood to measurable basin characteristics indicates that most of Wyoming can be divided on this basis into 13 subdivisions in 8 groups as shown in figure 2. Each of the groups of subdivisions is called a hydrologic area and is designated by the appropriate number in figure 2.
Divisions between areas were determined primarily on the basis of streamflow records: however, the exact boundaries were usually based on topographic features such as drainage divides.
Base data are insufficient to define floodfrequency relations in a large region of the headwaters of the North Platte River in south -central Wyoming.
In hydrologic area 1~ which is mostly mountainous, annual peak discharges are usually caused by snowmelt, and a significant relation was found between mean annual flood and the size and mean altitude of the drainage basin. The relation is shown graphically by the curves in figure 3 . The equation of the curves in figure 3 is of the form Q 2. 33 = CAXEY, where c is a coefficient unique to the area~ A is size of drainage basin, and E is mean elevation of drainage basin. The relation is based on 49 station records having a total of 844 station years of record. The drainage areas range from 15.1 to 2,623 square miles, and mean altitudes of drainage basins range from 6,510 to 11 1 100 feet.
In hydrologic area 2 ~ also a mountainous area~ there are only three streamflow records, a number usually considered to be insufficient to define a relation between mean annual floods and basin variables. However, the three records provide rather conclusive evidence that the relation for area 2 is substantially different from that for area 1. This evidence i s supported by certain geologic and meteorologic anomalies in the area.
The drainage areas of the three stations range from 1 Q4 to 640 square miles, and mean, elevations of drainage basins range frorr.. 8,690 to -8,970 feet. Correlation of Q 2.33 with area and mean altitude of the drainage basin indicates that the eq11ation of the relation for area 2 differs from that for the relation for area 1 only in the value of C. Proof of the similarity of the exponent of the altitude terms is not conclusive because of the small differences between the mean altitudes of the three basins considered; however, similarity has been assumed because of the fact that both areas are mountainous and have floods resulting mostly from snowmelt. Values of 02.33 for sites in areas 2 are computed by multiplying values obtained from the curves in figure 3 by 2.07.
Most of hydrologic area 3 is below about 7,000 feet altitude. The terrain is typified by rugged low mountains and hills having sparse vegetation. Flood peaks occur as the result of either snowmelt, rainfall, or a combination of the two. The larger floods usually are the result of intense rainstorms. The only si·gnificant relation found was between size of drainage basin and mean annual flood. The relation ( fig. 4 ) is based on 9 station records having a total of 13 8 station years of record. The drainage areas range from 54.6 to 6,050 square miles.
Hydrologic areas 4 is similar to area 3 in that most of the larger floods are the result of intense rainstorms. The terrain is typified by rolling hills having small relief except in. the badlands of the Bighorn Basin. The relation of the mean annual flood to size of drainage basin ( fig. 4 ) is based on 17 station records having a total of 199 station years of record. The drainage areas range from 51.7 to 5,270 square miles. 
COMBINING RECORDS
The record at a gaging station is only a small sample of the actual flood history at the site. A frequency curve based solely on the station data may be considerably different from the true curve and, furthermore, a frequency curve for an individual site cannot be applied directly to an ungaged site where a flood-frequency curve may be desired. The limitation of the individual curves are overcome by combining records for streams having similar frequency characteristics to produce a dimensionless frequency curve that can be applied to sites, gaged or ungaged, within a large region.
Before a group of individual station records can be combined, it is necessary to determine that all the streams are in a region having uniform flood-frequency characteristics. The test for homogeneity is made by comparing the differences in slopes of the individual frequency curves to the va.riation in slope that may be attributed to chance in random sampling. The homogeneity test graph used is discussed by Dalrymple (1960) .
FLOOD-FR.EQUENCY REGIONS
Streamflow records indicate that Wyoming can be divided into nine homogeneous regions designated A-I. All except region E are out-lined in figure 5 . Region E is the main stem of Green River downstream from the gaging station at Warren Bridge, near Daniel, Wyo.
COMPOSITE FREQUENCY CURVES
A composite frequency curve representing the relation of a flood of any selected frequency between 1.1 and 50 years (1.1 and 75 years for region D) to the mean annual flood has been constructed for each region and labeled to correspond to the regions outlined in interval between 1.1 and 50 years on an unregulated stream in the area east of the Continental Divide in Wyoming, except in the area labeled as undefined in figures 2 and 5. The following procedure is used:
1. Determine from figure 2 the number of hydrologic area in which the site is located.
2. Determine the drainage area of the stream above the site. If the site is within areas 1 or 2. determine also the mean altitude of the drainage basin. This can be done by placing a rectangular grid system overlay on a contour map and recording the altitude of the intersections. The grid spacing should be such that a minimum of 50 intersections fall within the basin. The arithmetic average of these altitudes is a sufficiently accurate estimate of the mean altitude of the drainage basin.
3. Determine the mean annual flood from figure 3 or 4. 4. Identify from figure 5 the flood -frequency region in which the site is located.
5.
Determine the ratio to the mean annual flood for the flood of the selected recurrence interval {fig. 6).
6.
Multiply the ratio to mean annual flood (step 5) by the mean annual flood (step 3) to obtain the flood magnitude. ...... To obtain a complete frequency curve for the site, repeat steps 5 and 6 for several selected recurrence intervals.
The above figures also can be used to determine the frequency of a flood of known magnitude.
FLOOD-FREQUENCY ANALYSIS B, PART 9 W. P. Somers, hydraulic engineer, U.S. Geological Survey, made a flood-frequency study (unpublished) for Part 9 in 1959. The curves defined by Somers applicable to that portion of Part . 9 in Wyoming were taken from Somers' study and used for this report. In general, the methods and procedures discussed under the foregoing analysis A (Parts 6 -A and 6 -B, Wyoming) also apply to Part 9, Wyoming. One major difference is in the method used to determine mean annual flood.
Drainage area is used as one independent variable, as in analysis A; however, altitude of the selected site, instead of mean altitude of the basin, is used as a second independent variable. See figures 7 and 8.
A separate curve ( fig. 9 ) based on records for only main-stem gaging stations is used to determine mean annual flood along the main stem of Green River below the station at Warren Bridge, near Daniel, Wyo.
Composite frequency curves used to determine the ratio of the flood of the selected frequency to the mean annual flood are shown in·figure 10.
APPLICATION OF FLOOD-FREQUENCY RELATIONS, PART 9
The :tnagnitude of a flood of a:qy selected frequency between 1.1 and 50 years (1.1 and FLOOD-FREQUENCY ANALYSIS B, PART 9 11 7 5 years in region D) can be estimated for any site, gaged or ungaged, in Part 9, Wyoming, by the following procedure:
1. If the site is not on the main stem of Green River below the gaging station at Warren Bridge near Daniel, Wyo., det e rmine from figure 2 the hydrologic area in which the site is located.
2. Determine the drainage area of the stream above the site.
3. Determine the altitude of the site above mean sea level. 4. Determine the mean annual flood from figure 7 or 8. figure 5 the flood-frequency region in which the site is located.
Determine from
6. Determine the ratio to mean annual flood for the flood of the selected recurrence interval from the appropriate curve in figure  10 .
7. Multiply the ratio to mean annual flood (step 6) by the mean annual flood (step 4) to obtain the flood magnitude.
To obtain a complete frequency curve for the site, repeat steps 6 and 7 for several selected recurrence intervals.
If the selected site is on the main stem of Green River below the gaging station at Warren Bridge, near Daniel, Wyo., modify the above procedures as follows:
1. Determine the drainage area above the site. 
Determine
4.
Multiply the ratio to mean annual flood (step 3) by the mean annual flood (step 2) to obtain the flood magnitude.
FLOOD-FREQUENCY ANALYSIS C, PART 10
The flood -frequency analysis made by Berwick ( 1962) for Utah is considered applicable to that portion of Part 10 in Wyoming. The independent variables used to determine mean annual flood are drainage area and mean altitude of the basin as shown in figure  11 .
APPLICATION OF FLOOD-FREQUENCY RELATIONS, PART 10
The magnitude of a flood of any selected frequency between 1.1 and 50 years can be estimated for any site, gaged or ungaged, in Part 10, Wyoming, by the following procedure:
1. Determine the drainage area of the stream above the site.
2. Determine the mean altitude of the drainage basin.
3. Determine the mean annual flood from figure 11. 4. Determine the ratio to mean annual flood for the flood of the selected frequency from curve G in figure 10.
5.
Multiply the ratio to mean annual flood (step 4) by the mean annual flood (step 3) to obtain the flood magnitude.
To obtain a complete frequency curve for the site, repeat steps 4 and 5 for several selected recurrence intervals.
FLOOD-FREQUENCY ANALYSIS D, PART 13
The analysis for the Snake River basin in Wyoming was made by C. A. Thomas, H. C. Broom, and J. E. Cummans (1963) , hydraulic engineers, U.S. Geological Survey, as a part of the analysis for Part 13 in the nationwide series of flood-frequency reports.
Three independent variables--drainage area, mean annual precipitation, and a geographic factor-were used to determine mean annual flood, Mathematical multiple correlation methods were used to evaluate 14 FLOODS IN WYOMING 1 MAGNITUDE AND FREQUENCY the effect of each independent variable; these methods resulted in the following formula: Q =0.0006A 0 · 88 r 1 · 58 G. where Q is the mean annual flood in cubic feet per second, A is the drainage area in square miles. p is the mean annual precipitation in inches. and G is a geographic factor in percent. The formula as defined by base data is applicable only for drainage areas ranging from 10 to 5,000 square miles.
The mean annual precipitation for the Snake River basin in Wyoming is shown in plate 1. and the geographic factors are shown in plate 2.
The formula for computing the mean annual flood can be solved graphically by use of the nomograph (fig. 12 ). Procedure is as follows:
1. Plot the geographic factor obtained from plate 2 on the nomograph line G. The magnitude of a flood of any selected frequency between 1.1 and 50 years can be estimated for any site, gaged or ungaged, in the Snake River basin, Wyoming, by the following procedure:
1. Determine the drainage area of the stream above the selected site.
2 · . Determine the mean annual precipitation on the basin from plate 1.
3. Determine the geographic factor from plate 2. 4. Compute the mean annual flood from either the formula or the nomograph (fig. 12 ). figure 5 the region in which the basin is located.
Determine from
6. If the basin is in region I, determine the ratio of the selected flood to the mean annual flood from curve I in figure 10 . If the basin is in region H, determine the ratio of the selected flood to the mean annual flood from the appropriate curve in figure 13 . If the basin is partly in both regions, use a weighted ratio based on the percentage of the basin in each region. (The appropriate curve in figure 13 is the curve for the mean altitude of the part of the basin in region H.) 7. Multiply the ratio to mean annual flood (step 6) by the mean annual flood (step 4) to obtain the flood magnitude.
FREQUENCY OF ANNUAL FLOOD STAGES
It is often desirable to estimate the frequency of high stages at a given site. The usual method is to transform the discharge -frequency relation to the stage -frequency relation through the relation of stage to discharge at the site. The reliability of the stage -frequency relation will depend upon the reliability and stability of the stage -discharge relation.
It is not possible to compute the frequency of high stages that are caused by ice jams. Table 1 gives maximum known floods and related data prior to October -1, 1961, at gaging stations used in the frequency analysis.
DATA FOR EXTREME FLOODS
The gaging station number shown is a number permanently assigned by the Geological Survey. The location i s shown by region and area as outlined in figures 5 and 2. Period of known floods means the period during which the listed flood is known to be the maximum and does not necessarily correspond with the period of record as shown in annual streamflow reports. If, for a given period, the maximum stage and discharge vyas not concurrent, a separate entry is shown for each. For recurrence intervals of 50 years or less, the frequency is shown by listing the recurrence interval, in years. For recurrence intervals of more than 50 years, the frequency is shown by listing the ratio of the flood to the 50-year flood.
LIMITATIONS
The dependability of the results of this analysis is limited to a large extent by the amount of streamflow data presently available. Few or no records have been collected for many parts of the State. There is a statewide deficiency of da:ta in number and length of peak-discharge records for drainage basins of less than 50 square miles, especially at the lower altitudes. Flood -frequency relations were not defined for a large region in the headwaters of North Platte River in southcentral Wyoming because of the paucity of streamflow data. The undefL1ed region is indicated in figures 2 and 5.
All curves shown in this report have been drawn to limits warranted by the data. Extension of the curves beyond the limits shown is not recommended.
The Geological Survey and the State Highway Department are engaged in a cooperative program to operate a network of crest -stage gages to collect records of flood flows from small drainage basins in Wyoming. This additional data will in time make possible more nearly accurate delineation of the hydrologic areas and definition of mean annual flood for smaller drainage basins. ,490 1-------1------1 1,520IJune 24, 19231-- 
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